We study the properties of torsion pairs in triangulated category by introducing the notions of d-Ext-projectivity and d-Ext-injectivity. In terms of -mutation of torsion pairs, we investigate the properties of torsion pairs in triangulated category C D
Introduction
The notion of torsion theory (torsion pairs) in abelian categories was introduced by Dickson in 1966. Torsion theory plays an important role in the investigation of an abelian category. An abelian category is naturally embedded in a triangulated category like the bounded derived category. The analogous definition of torsion pairs in triangulated category is closely related to the notion of a t-structure. Beilinson, Bernstein and Deligne [1] introduce the definition of a t-structure in a triangulated category .The t-structure is a pair of full subcategories such that setting and , where , and . In [2] , Beligiannis and Reiten studied the torsion theory on pretriangulated, triangulated and stable categories. They discussed the connection between torsion theories in abelian and derived categories and indicated the relationship with tilting theory, they point out that the torsion pairs in triangulated category and t-structures essentially coincide. In 1987, Gorodentsev and Rudakov [3] made use of mutation when they classified the exceptional vector bundles on where is a projective space. Mutation can be regarded as a categorical realization of Coxeter or braid groups. In [4] and [5] , Fomin and Zelevinsky introduced cluster algebras, these algebras give an algebraic and combinational framework for the positivity and canonical basis of quantum groups, which enjoy important combinational properties given in terms of the mutation for skew symmetric matrices. Cluster categories were introduced in [6] , in which the mutation of cluster tilting objects was introduced. Recently, Geiss, Leclerc and Schroer [7] applied mutation to study rigid modules over preprojective algebras and the coordinate rings of maximal unipotent subgroups of semisimple Lie groups. Later Iyama and Yoshino [8] introduced the mutation of n-cluster tilting subcategories based on approximation theory. Recently, Zhou and Zhu [9] studied the notion of -mutation of torsion pairs in triangulated categories, and they proved that the -mutation of torsion pairs in triangulated categories is a torsion pair.They also studied its geometric meaning when the triangulated categories are the cluster categories of type
In this paper, we study the torsion pairs in triangulated categories and their properties in terms of -mutation pair. In a fixed triangulated category C , we give the definition of torsion pairs in and study their properties with the notion of subcategory (resp.
. 
Torsion Pairs in Triangulated Categories
In this section, we introduce -cluster tilting torsion pairs, rigid torsion pairs and maximal rigid torsion pairs in a triangulated category , and study the properties of these torsion pairs. 
  Definition 3.2 Let X and be subcategories of the triangulated category . is functorially finite in and 
is a rigid subcategory and satisfies the property: 
and for any rigid object M in C , we have
for all 1 1.
Proof: Now supposing  is a maximal rigid torsion pair, by the definition we have
X . Then we have the triangle where
is rigid. If there exists an object M in such that for any 1 2
Then the above triangle splits. This implies that 
Conversely, we only need to prove that  X if and
Proposition 3.5 Let be a rigid torsion pair,
. Moreover, I X is covariantly finite in and is contravariantly finite in . X Proof: Let , we have that
if and only if
, we have that if and only if
is a torsion pair, we have that
is a torsion pair for 1 . For any object , take a triangle
where . Then we have a triangle
. Applying functor to the triangle above, we obtain
. For any , take a triangle
where and Y . Then we have the triangle
Since is extension-closed, we obtain that
, and hence
. It is easy to see that
is covariantly finite in . Finally, we prove
is contravariantly finite in . In case , we have
Since is a torsion pair, for any , there exists a triangle 
. Take a triangle 
, hence in this
Corollary 3.7 Let
be a maximal rigid subcategory of , then 1) Every object 
Torsion Pairs in
Let be a triangulated category and a subcate-
consists of all such that there exists a triangle
of subcategories of a Dmutation pair [5] if and
be a subcategory of , we assume: 1) is extension closed;  2) forms a D -mutation pair.
Z,Z
In the rest of this section, we assume that C has a serre functor . We put S  :
We call a subcategory of C an -subcategory of if it satisfies .
C M for 1 . Now we assume that is a functorially finite subcategory of and
It was proved in [8] that
forms a triangulated category. The shift in is defined as follows: for any object , consider the left -approximation , and extend it to a triangle
where and 
Proof: Noting that for .
Since ,
, and then
we have that 
